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Head-up tilt Tilt table testing helps to differentiate the forms of transient loss of consciousness (TLOC) and of
syncope.
 Tilt table testing adds to history taking, and cannot be used as its substitution.
 Neurologists and clinical neurophysiologists can play an important role diagnosing syncope or other
forms of TLOC, given their experience with extensive history taking.
a b s t r a c t
Reflex syncope is responsible for 1–6% of hospital admissions and the economic burden of syncope is
huge. A considerable part of these high costs is still spent on tests that are not indicated. Till now few
neurologists have taken an interest in syncope and tilt table testing (TTT). However, reflex syncope
and epilepsy are often in each other’s differential diagnosis and require a similar emphasis on history tak-
ing and deductive reasoning. A TTT can be helpful for diagnosis and treatment. The pathophysiological
rationale behind the TTT is the fact that it uses gravity to provoke a downwards shift of blood that in turn
triggers syncope. Various indications and methods of the TTT are discussed in this paper.
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Syncope and its mimics pose many diagnostic difficulties,
caused in part because terms may be used loosely and because
not everyone uses a standardised and understandable scheme for
classification and terminology. We advocate using the scheme
from the most authoritative syncope guideline, the one from the
European Society of Cardiology (ESC) (Moya et al., 2009).
In that scheme, transient loss of consciousness (TLOC) is defined
as unconsciousness of short duration and spontaneous recovery
(Moya et al., 2009; van Dijk et al., 2009; Saal and van Dijk, 2014).
The main TLOC forms are syncope, epileptic seizures and episodes
of psychogenic apparent unconsciousness (Fig. 1). Syncope is
defined as TLOC due to cerebral hypoperfusion (Moya et al.,
2009). There are three major groups of causes of syncope: reflex
syncope, syncope due to orthostatic hypotension and cardiac syn-
cope (ESC 2009). Reflex syncope, also known as neurally mediated
syncope, affects about one third of all people (Ganzeboom et al.,Main forms of TLOC. Traumatic TLOC (concussion) can usually be recognized easi
e, epileptic seizures and a miscellaneous group encompassing rare disorders that
o not share a common pathophysiology. (TLOC = transient loss of consciousness
cite this article in press as: Saal DP et al. Tilt table testing in neurology
16/j.clinph.2015.07.0372006). It is divided into vasovagal syncope, mainly evoked by emo-
tions, pain and standing, situational syncope and carotid sinus
syncope.
Reflex syncope is worldwide responsible for 1–6% of hospital
admissions and a frequent reason for referral to internists, cardiol-
ogists and neurologists (Brignole et al., 2001). The economic
burden of syncope is huge: annual admission costs for syncope
were estimated to be about US$ 2.4 billion dollar in the USA, com-
parable to those of asthma and HIV (Sun et al., 2005). A consider-
able part of these high costs may be spent on admissions and
tests that are not necessary according to the ESC guidelines on
syncope (Brignole et al., 2006; Kenny et al., 2002; McCarthy
et al., 2010; Moya et al., 2009). The underlying reason for this
inefficient management strategy is probably that syncope forms
a ‘blind spot’ in medicine. Reflex syncope is not claimed by any
speciality and hence not taught in detail. The resulting limited
training and expertise with reflex syncope prompts specialists,
faced with such patients, to order diagnostic tests for disordersly as the cause tends to be obvious. Nontraumatic TLOC is divided into four groups:
cause TLOC and conditions that can be mistaken for TLOC; the disorders in the latter
; OH = orthostatic hypotension) (van Dijk et al., 2009).
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epilepsy and order MRIs and EEGs, while cardiologists aim to
exclude structural heart disease or arrhythmia. More knowledge
of reflex syncope would suggest a different diagnostic strategy, i.
e., appropriate history taking and tests including tilt table testing.
Until recently few neurologists took an active interest in
syncope, which is surprising as syncope and epilepsy often feature
in one another’s differential diagnosis. A clinical interest in
syncope may prove beneficial to neurologists, if only to prevent
misdiagnosis. Likewise, neurophysiological departments may
benefit from adding the TTT to their diagnostic repertoire. The
aim of this paper is to review the usefulness of the tilt table test
in diagnosing TLOC and associated disorders of orthostatic intoler-
ance, i.e., postural orthostatic tachycardia syndrome (Freeman
et al., 2011).2. Pathophysiological rationale for tilt table testing
Tilt table tests were initially used to study physiological
compensatory responses to orthostatic stress. In the middle of
the 20th century air force investigators recognized the ability of
tilt-table tests to induce syncope in a population of pilots
(Sheldon, 2005). Tilt table testing was first used as a clinical test
by Kenny et al. (1986) who observed a high rate of tilt-induced
syncope in patients with previously unexplained syncope.
The rationale for the tilt table test can be best understood
through the physiology of standing. When one stands up from
the supine position, gravity will cause blood to be transferred from
the thoracic cavity to the lower limbs (Smit et al., 1999; van Dijk
and Wieling, 2013). Normally, 500–1000 ml of blood shifts from
the upper to the lower body. Approximately 80% of the blood
pooled in the lower limb is contained in the thighs (Ludbrook,
1966). Excessive pooling is prevented by neurovascular and
neurohumoral mechanisms, aided by the mechanical forces of
the ‘muscle pump’ in the legs. Standing up immediately increasesFig. 2. Scheme of tilt table test. In situation A, a person is shown in the supine
position, i.e., a tilt angle of 0. The black shape represents the blood volume, with
relatively much blood in the thorax. The gravity force G always acts vertically down.
It has a component F pulling blood in the direction of the feet, equalling the sine of
the tilt angle. A tilt angle of 60 (B) results in F = 0.87 G. The pull of blood towards
the feet results in a change in the distribution of blood, as shown. The force F would
be maximal at a tilt angle of 90 (C), but a potential fall in this position is more
threatening than in a tilted position. Angles of 60 (F = 0.87 G) or 70 (F = 0.94 G) are
less threatening while providing adequate forces displacing blood towards the feet.
Please cite this article in press as: Saal DP et al. Tilt table testing in neurology
10.1016/j.clinph.2015.07.037heart rate, resulting from central mechanisms related to the
initiation of the postural change together with deactivation of
the baroreceptors. These so-called ‘stretch receptors’ are found in
the walls of the carotid sinus and the aorta. These baroreceptors
sense the drop in blood pressure caused by a downwards shift of
blood and decreased venous return. The deactivation of the barore-
ceptors has several reflex effects: vagal outflow to the sinus node
decreases which increases heart rate, and sympathetic vasocon-
striction is augmented which increases blood pressure. Further-
more, it induces neurohumoral changes including a release of
vasopressin (Hasser et al., 1997; Wieling et al., 2008). The ortho-
static heart rate response is characterised by a primary peak within
3 s, increasing further to a second peak around 12 s. This increase is
more gradual and mainly due to further reflex inhibition of cardiac
vagal tone together with an augmented sympathetic outflow to the
sinus node. Once the increase of vasomotor tone has successfully
counteracted the drop in arterial blood pressure, baroreflex-
mediated mechanisms will result in a subsequent relative heart
rate decrease, resulting in a steady state of blood pressure and
heart rate about 30 s after standing up; heart rate increases by
15–30%. The net increase of BP upon standing is explained by the
height difference between the baroreceptors and the heart
(Wieling et al., 2008).
Reflex syncope can be triggered by gradual pooling of blood in
the thighs, buttocks, pelvis and the splanchnic circulation. The
pooled blood is situated in the distensible venous capacitance sys-
tem, probably mainly in the splanchnic vascular bed (Stewart et al.,
2004). The result of this pooling is a decrease in venous return (van
Lieshout et al., 1997; Freeman, 2006; Sandhu et al., 2013). It is not
completely known how excessive pooling triggers the vasovagal
reflex. ‘Central hypovolemia’, i.e., reduced filling of the heart and
the thoracic great vessels probably plays an important role in
triggering the reflex. For an overview of the various causes of
syncope and their symptoms see ESC 2009 (Moya et al., 2009;
van Dijk et al., 2009; Wieling et al., 2009). TTT provokes pooling
and may hereby induce reflex syncope. Interestingly, TTT not only
provokes syncope in those in whom fainting is induced by
standing, but also in those with emotional triggers for syncope.3. Tilt test methods
3.1. Common features and variants
Several methods for tilt table testing have been developed, with
or without pharmacological challenges. The test should be per-
formed in a quiet room. Blood pressure can change dramatically
in seconds in syncope and should be measured at a high temporal
resolution. Conventional sphygmomanometric measurements at
best allow measurements every minute, inadequate for syncope
assessment. Several commercial devices offer finger photoplethys-
mography, which relies on a cuff around a finger. The pressure in
the cuff is constantly adapted to the pressure in the finger,
resulting in a fully continuous measurement of blood pressure, i.
e., beat-to-beat, as well as heart rate (Imholz et al., 1998). Another
advantage is that additional software may allow additional circula-
tory parameters to be calculated, such as cardiac output and total
peripheral resistance, which allow a detailed circulatory analysis.
At least one ECG lead is required to detect bradycardia or asystole.
The angle of the table should be between 60 and 80 (Fig. 2)
(Fitzpatrick et al., 1991). The reason for such angles instead of a
fully vertical position is that they hardly diminish the gravity
effect, while allowing subjects to relax. An additional effect of tilt-
ing to 60–80 may be that it prevents leg muscle action, which
abolishes the leg muscle pump (Wieling et al., 2008; Borst et al.,
1982). The subject should be protected against falling by usingand clinical neurophysiology. Clin Neurophysiol (2015), http://dx.doi.org/
normal False negave TTT or 
other cause of TLOC
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Classical OH evident 













No  indicaon  for TTT
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• Supine + standing BP
TTT  +/- NTG, CSM, 
addional triggers
Fig. 3. Diagnostic flowchart for patients with transient loss of consciousness
(TLOC). First check for red flags for epilepsy and cardiac syncope (see ESC
guidelines, 2009: Tables 11 and 13). If VVS or classical OH is evident from history
a TTT is not necessary. In other cases a TTT should be performed. The execution of
the TTT depends on the clinical suspicion from history taking. In case of an
abnormal TTT the hemodynamic pattern together with the recognition by the
patient or the eyewitness of the spontaneous attack facilitates a definite diagnosis.
TTT patterns are discussed separately in section 5 for each diagnosis. VVS:
vasovagal syncope, TTT: tilt table test, OH: orthostatic hypotension, BP: blood
pressure, NTG: nitroglycerin, CSM: carotid sinus massage.
Table 1
Indications and methods for tilt table testing. TTT, tilt table testing; NTG, nitroglyc-
erine; CSM, carotid sinus massage; VVS, vasovagal syncope; CSS, carotid sinus












VVS + +  
CSS + +  +
Situational + + Triggers  
OH
Classical +  + 
Initial (+)  ++ 
POTS + +
PPS + + + 
Cardiac syncope No TTT
Fig. 4a. Circulatory patterns in vasovagal syncope. Schematic blood pressure and
heart rate patterns for vasovagal syncope evoked by standing. In both vasodepres-
sor and cardioinhibitory vasovagal syncope, a fall in blood pressure signifies the
onset of the reflex (van Dijk et al., 2009).
4 D.P. Saal et al. / Clinical Neurophysiology xxx (2015) xxx–xxxsafety straps. The duration of the test varies, but the available evi-
dence suggests that 30–45 min is optimal. Patients should be tilted
back when pronounced hypotension or bradycardia and presyn-Please cite this article in press as: Saal DP et al. Tilt table testing in neurology
10.1016/j.clinph.2015.07.037cope ensues (Sheldon, 2013), although some prefer to provoke
complete syncope. The ESC-guideline recommends a duration of
40 min (Moya et al., 2009). Additional pharmacological challenges
will be discussed later.3.2. Extensions
The use of a video-EEG recording during tilt table testing is rec-
ommended because it helps to differentiate syncope from epileptic
seizures or psychogenic pseudosyncope (LaRoche et al., 2011). EEG
machines allow all signals to be recorded simultaneously, offering
the added advantage that all records can be studied after the test,
allowing a detailed analysis of semiology (van Dijk et al., 2014).
The addition of EEG to TTT allows a further check on proceedings
in that the onset of slowing of the EEG should always result in
tilting the patient back, or in reverse that tilting back is not yet
obligatory if the EEG is still normal. Furthermore, the EEG, slow
or with flattening, provides additional information about the
degree of cerebral perfusion (van Dijk et al., 2014). The diagnostic
yield of the TTT can be further enhanced with the use of carotid
sinus massage (CSM), particularly in those with history of unex-
plained syncope or falls and a negative history for cardiovascular
diseases (Blanc, 2013). In some centres lower body negative pres-
sure is used as an additional method to trigger reflex syncope
(Lelorier et al., 2003).
A key element of the test is to ask the patient for recognition of
complaints. Eyewitnesses may help confirm whether the provoked
event resembled the spontaneous episodes, which helps to reduce
false positive results. Transcranial doppler (TCD) monitoring
during TTT also helps to assess alterations in cerebral blood flow.
This is of particular interest to investigate the pathophysiology of
syncope, but has so far not been shown to be of diagnostic value.4. Indications
The European Society of Cardiology (Moya et al., 2009)
recommends the use of tilt testing when the initial examination
of syncope, consisting of history taking, ECG and supine plus stand-
ing blood pressure measurements, has not yielded a diagnosis. The
aim of the TTT is to provoke a typical event, to obtain a clinical-
pathophysiological correlate and thus prove the cause of TLOC.
Apart from syncope, TTT has been advocated in the elderly with
unexplained falls (Heitterachi et al., 2002). Fig. 3 shows a
pragmatic approach, beginning with the initial analysis of history
taking, ECG and orthostatic blood pressure measurements (ESC
2009). If this results in obvious reflex syncope, a TTT is not
necessary; the same holds if orthostatic hypotension explains theand clinical neurophysiology. Clin Neurophysiol (2015), http://dx.doi.org/
Fig. 4b. Circulatory patterns in TTT in a case of vasovagal syncope. HR; heart rate
BP; blood pressure (top: systolic BP, bottom: diastolic BP).
D.P. Saal et al. / Clinical Neurophysiology xxx (2015) xxx–xxx 5clinical problem fully. Hence, TTT is useful when syncope is likely
but its cause is unclear. TTT is also useful to diagnose psychogenic
pseudo syncope and POTS. In the next section we will discuss these
disorders along with the specific patterns they exhibit during tilt
table testing (Table 1).
5. Tilt table test patterns according to their underlying disorder
5.1. Reflex syncope
Reflex syncope, also called ‘neurally mediated syncope’, is char-
acterised by a sudden decrease in blood pressure and/or slowing of
heart rate. This is in contrast with syncope due to neurogenic
orthostatic hypotension (OH) where a progressive fall in BP with
little or no decrease in HR are the main characteristics. In syncope
due to non-neurogenic OH there is a progressive fall in OH with
significant increase in HR. (Freeman et al., 2011; van Dijk and
Wieling, 2013).
Reflex syncope consists of three subgroups: vasovagal, situa-
tional and carotid sinus syncope. The afferent pathways of reflex
syncope are largely unknown. Reflex syncope is typically preceded
by specific prodromal symptoms and signs (pallor, nausea,
diaphoresis, abdominal discomfort, including an urge to void or
defaecate and at times even causing explosive diarrhoea), that
may occur up to 60 s or more prior to the loss of consciousness.
(van Dijk et al., 2009; Moya et al., 2009; Wieling et al., 2009) This
‘autonomic activation’ is not a direct effect of cerebral hypoperfu-
sion, but is a marker of the underlying cause of the syncope
(Wieling et al., 2009).
5.1.1. Vasovagal syncope
Vasovagal syncope is triggered most often by pain, fear or
prolonged standing. It is characterised by autonomic activation
before and sometimes after the event. These warning signs may
be systematically absent in the elderly (Kenny and Traynor,
1991). The factors triggering the vasovagal cascade can be divided
into central emotional influences and peripheral circulatory ones,
the latter in the form of pooling of blood. The contribution of
reduced vasoconstriction in the minutes before a faint to the
events culminating in syncope has been criticised recently
(Verheyden et al., 2008; Raj, 2008). Systemic vascular resistance
decreases in only about one half of subjects before vasovagal syn-
cope (Fuca et al., 2006). A decrease in cardiac output was however
a consistent finding in all subjects prior to syncope. Regardless of
how vasovagal syncope is triggered, the events during syncopePlease cite this article in press as: Saal DP et al. Tilt table testing in neurology
10.1016/j.clinph.2015.07.037are clear: blood pressure always decreases and heart rate may do
so, but not always.
5.1.2. Tilt table testing in vasovagal syncope
Reflex syncope and in particular vasovagal syncope is the most
common indication for a tilt table test. The test starts with a resting
phase in which patients are kept supine for 10 min, followed by a
‘passive phase’, in which the table is tilted head up between 60 and
80 for 20 min. When this does not provoke typical complaints, it is
followed in many laboratories by administering a pharmacological
agent.
Blood pressure and heart rate during tilt table testing in vasova-
gal syncope can show three different patterns: vasodepressive,
mixed and cardioinhibitory. (Brignole et al., 2000; Sutton et al.,
1992). The vasodepressive pattern consists of a fall in blood pres-
sure falls while heart rate shows little or no decrease
(Figs. 4a and 4b). In this form heart rate should not fall more than
10% from its peak value and the fall in blood pressure precipitates
syncope (Sutton et al., 1992). The cardioinhibitory pattern consists
of pronounced bradycardia (ventricular rate 6 40) or asystole
(>3 s) as the main cause of syncope (Sutton et al., 2000). The most
common pattern is the ‘mixed’ one, in which the drop in blood
pressure is followed by bradycardia (Moya et al., 2009). The three
different patterns can be distinguished with a TTT. Surprisingly, the
TTT has a therapeutic effect in some cases: the recurrence rate of
syncope is lower after a positive tilt table test (Sheldon et al.,
1996). This is possibly due to a better recognition of warning
symptoms, allowing patients to take adequate preventive
measures. The occurrence of a recognised event during TTT helps
convince patients of the certainty of the diagnosis. The TTT can
be expanded by teaching patients physical counter-manoeuvres
while offering them visual feedback of the circulatory effects using
finger photoplethysmography (Wieling et al., 2004).
5.1.3. Pharmacological agents
Pharmacological provocation during head-up tilt testing helps
to increase the diagnostic yield. Prior to the actual syncope in
tilt-induced syncope, adrenomedullary activity is higher in individ-
uals susceptible to fainting compared with controls (Sra et al.,
1994), which prompted the idea of administering catecholamines
to patients suspected of suffering from vasovagal syncope. The
use of isoproterenol raised sensitivity from 50% to 80% at the cost
of a fall in specificity in high dose regimens (Carlioz et al., 1997;
Parry and Kenny, 1999). Other centres used nitrates as a provoca-
tive agent (Raviele et al., 1995; Ungar et al., 2013; Brignole et al.,
2004) Nitrates have a vasodilatory effect, with marked effects on
the venous bed, which promotes the syncopal cascade through
the peripheral route by increased venous pooling and a decrease
in venous return. Nitrates they can be given sublingually, e.g., a
spray of 400 micrograms of nitroglycerin, or intravenously; the
latter approach has the advantage of a rapid onset of action and
a relatively constant plasma concentration (Aerts, 2003), but injec-
tion may provoke syncope by itself. The sublingual administration
is easy and safe to administer. Sensitivity ranges from 51% to 81%
and specificity from 85% to 94% (Parry and Kenny, 1999). Another
drug used is clomipramine: it enhances serotonergic activity by
inhibiting 5-hydroxytryptamine (5-HT) and has a central
serotonergic response (Theodorakis et al., 1998). Some authors
(Furukawa et al., 2011) showed that the use of clomipramine
during TTT preferentially induced a cardioinhibitory response
while nitroglycerin promoted a vasodepressor response.
5.2. Situational syncope
Situational syncope is reflex syncope provoked by other triggers
than those seen in vasovagal and carotid sinus syncope, such asand clinical neurophysiology. Clin Neurophysiol (2015), http://dx.doi.org/
Fig. 5. Different forms of orthostatic intolerance. Note that orthostatic intolerance
may be explained by reflex syncope, i.e., orthostatic vasovagal syncope. OH;
orthostatic hypotension, POTS; postural tachycardia syndrome.
Fig. 6a. Circulatory patterns in syncope due to orthostatic hypotension, similar to
Fig. 3. Note that blood pressure drops immediately after standing up and that the
rate of drop decreases (van Dijk et al., 2009).
Fig. 6b. Circulatory patterns due to orthostatic hypotension in real life: similar to
Fig. 3b.
6 D.P. Saal et al. / Clinical Neurophysiology xxx (2015) xxx–xxxmiction, defecation, coughing, sneezing, laughing, stretching. They
share the efferent pathway common to all forms of reflex syncope
but differ in afferent pathways (Benditt, 1997).
5.2.1. Tilt table testing in situational syncope
The test protocol in situational syncope is the same as in
vasovagal syncope, as patients with situational syncope are often
susceptible to an orthostatic challenge. Still, the positive rate in
passive tilting in situational syncope has been stated to be lower
than that for VVS (in one example 6% vs. 27%) (Livanis et al.,
2004). It can be useful to provoke an event by having the patient
reproduce his or her specific trigger, such as coughing or
stretching.
5.3. Carotid sinus syndrome (CSS)
Carotid sinus hypersensitivity (CSH) denotes an overly strong
circulatory response to massage of the carotid sinus. Syncope
related to CSH consists of two forms. Spontaneous CSS is a reflex
syncope occurring mostly in the elderly, in which syncope is
caused by external pressure on the neck, as can happen during
shaving. Note that this spontaneous form is rare. The term CSS is
also used for otherwise unexplained syncope in the elderly who
have CSH. The ESC guidelines (Moya et al., 2009) advocate to per-
form CSM in every patient with syncope over 40 years in whom no
diagnosis was established after the initial evaluation (Blanc, 2013).
5.3.1. Assessment of CSH
The test is performed in supine and repeated after tilting
upwards. The carotid arteries are sequentially massaged for
7–10 s (Blanc, 2013). CSH is present when one of two signs appear:
asystole for more than 3 s, or a decrease in systolic blood pressure
of more than 50 mmHg (or an absolute systolic blood pressure
lower than 80 mmHg). The response to the test may be cardioin-
hibitory, vasodepressive or mixed. Some authors found these
criteria overly sensitive (Krediet et al., 2011) and proposed a more
stringent cut-off in the form of an asystole (P3 s) or a fall in mean
arterial pressure below 60 mmHg lasting forP6 s. The incidence of
transient neurological complications during CSM is low (0.1%).
Because of the risk of neurological complications it should be
avoided in patients with a transient ischaemic attack, stroke or
myocardial infarction in the last three months (Munro et al.,
1994; Moya et al., 2009), but these considerations are not
evidence-based.Please cite this article in press as: Saal DP et al. Tilt table testing in neurology
10.1016/j.clinph.2015.07.0375.4. Syncope in the context of orthostatic intolerance
The classification used in this paper (Fig. 1) is built around tran-
sient loss of consciousness (Fig. 1), but TTT can also be useful in
disorders causing ‘orthostatic intolerance’ (OI), in which conscious-
ness is not necessarily lost. OI refers to a range of symptoms
evoked by the upright position due to an imbalance in circulatory
control. Syncope is one; others are light-headedness, dizziness,
weakness, sweating and palpitations (Freeman et al., 2011). Com-
mon causes of OI are reflex syncope, orthostatic hypotension and
postural orthostatic tachycardia syndrome (POTS) (Wieling et al.,
2007) (Fig. 5). The classifications of TLOC and OI overlap partially
because the various disorders differ in their tendency to cause OI
or syncope. OI can develop very quickly, for instance in vasovagal
syncope, but may also develop over many minutes, as can be seen
in neurogenic OH. The duration of OI can likewise vary from
seconds as in asystolic vasovagal syncope to many hours, such as
in POTS.5.4.1. Classical and delayed orthostatic hypotension
5.4.1.1. Classical OH. In classical orthostatic hypotension standing
provokes hypotension through an impairment of sympathetic
function resulting in insufficient vasoconstriction, in turn leading
to venous pooling. Alternatively a similar response may result from
hypovolemia, e.g., in people with a severe gastrointestinal
bleeding. The pattern of changes in blood pressure and heart rate
differ fundamentally from those in reflex syncope: whereas blood
pressure and heart rate decrease with increasing speed in reflex
syncope, the decreases in orthostatic hypotension start quickly
after which the rate of change decreases. This may be likened toand clinical neurophysiology. Clin Neurophysiol (2015), http://dx.doi.org/
Fig. 7. Postural orthostatic tachycardia syndrome. Note the change in heart rate
(HR) from 70 beats/minute to over 110 beats/minute.
D.P. Saal et al. / Clinical Neurophysiology xxx (2015) xxx–xxx 7a leak in a balloon, in which the initial high pressure ensures a
quick leak and the later lower pressure a slow one. Note that
classical OH is due to failure of a normal reflex, while reflex
syncope concerns an abnormal reflex action. Classical OH can be
non-neurogenic and neurogenic. The first form is mostly due to
drugs and is very common, especially in the elderly. Neurogenic
OH occurs less often and is often a feature of synucleinopathies
(Parkinson’s disease, multisystem atrophy and pure autonomic
failure) and some rare autoimmune disorders (e.g., acute
autonomic ganglionopathy) (Metzler et al., 2013).
Classical OH is operationally defined as a decrease in systolic
blood pressure (BP) >=20 mmHg or in diastolic BP >=10 mmHg
within three minutes of standing up or being tilted head up
(Freeman et al., 2011). Note that such BP decreases need not be
accompanied by complaints. The occurrence of syncope probably
does not depend on the magnitude of the BP fall, but on the abso-
lute BP level (Wieling et al., 2009): an 80 mmHg fall from 180 to
100 mmHg will not cause syncope, but a fall from 110 to 30 mmHg
will.5.4.1.2. Delayed OH. Delayed orthostatic hypotension occurs later
than 3 min after standing up. It is more common in the elderly
and is probably caused by an increased peripheral pooling,
increased fluid transudation or gradual failure of humoral and neu-
ral mechanisms (Gibbons and Freeman, 2006).5.4.2. Tilt table testing in classical and delayed orthostatic hypotension
As mentioned earlier, in syncope due to orthostatic hypotension
blood pressure starts to drop immediately on standing up (van Dijk
et al., 2009). To compensate for this decrease heart rate will rise
unless there is additional autonomic damage preventing this
increase. The rate of the blood pressure falls and tends to stabilize
at a low level, unless syncope occurs (Figs. 6a and 6b). As for
vasovagal syncope, in case of an established event the physical
counter manoeuvres can be taught in the same session with the
use of finger photoplethysmography.5.4.3. Initial orthostatic hypotension (IOH)
IOH results from a mismatch between cardiac output and
peripheral vascular resistance when people stand up quickly. An
important difference with classical OH is that the hypotension is
transient even in the upright position, so blood pressure will
normalise within seconds, while in classical OH blood pressure will
usually only increase again when other actions are taken, such as
exercise or sitting down. Groups at risk for IOH are, firstly, young,
tall patients with an asthenic habitus (Wieling et al., 2004) andPlease cite this article in press as: Saal DP et al. Tilt table testing in neurology
10.1016/j.clinph.2015.07.037secondly those of any age taking medication interfering with vaso-
constrictor mechanisms (Wieling et al., 2007).
5.4.4. Tilt table testing in IOH
IOH only occurs during active standing, not during passive tilt-
ing. IOH therefore requires an active standing test (Fedorowski and
Melander, 2013).
5.4.5. Postural tachycardia syndrome (POTS)
The main characteristic of POTS is a sustained heart rate incre-
ment within 10 min after standing of P30 beats/minute (in
childrenP 40 beats/minute) (Freeman et al., 2011; Raj, 2013).
POTS is associated with OI, chronic fatigue and may be due to a
limited autonomic neuropathy. POTS may be preceded by a recent
viral illness. The syndrome is more common in young women. The
orthostatic symptoms include blurred vision, palpitations, and
weakness, especially of the legs. Only a minority of patients faint.
In contrast to VVS or OH, the relation between the complaints
and the circulatory alterations is not clear.
5.4.6. Tilt table testing in POTS
During TTT the heart rate increases on standing while the blood
pressure remains unaltered or decreases a little (Fig. 7).
5.5. Psychogenic pseudosyncope (PPS)
This condition is psychologically probably very similar in nature
to psychogenic non-epileptic seizures (PNES); the only difference
between PPS and PNES may be a lack of gross movements in
psychogenic pseudosyncope. This difference may still induce a dif-
ferent medical history though, as patients with PNES are likely to
be seen by neurologists and may receive anti-epileptic drugs, while
those with PPS are seen by those dealing with syncope (Tannemaat
et al., 2013). PPS usually has a higher frequency than VVS, some-
times several times a day, and a longer duration of the episodes
(Puppala et al., 2014). In contrast to syncope the eyes are almost
always closed in PPS (Tannemaat et al., 2013).
5.5.1. Tilt table testing in psychogenic pseudosyncope
In patients with PPS the EEG is normal during the event, and
blood pressure and heart rate are usually increased during the
event (Tannemaat et al., 2013; Petersen et al., 1995). A
documented episode during a tilt table test with recognition by
the patient or relatives makes the diagnosis certain, which is useful
to help patients accept the diagnosis (Shen et al., 1999).
6. Sensitivity, specificity and reproducibility
The specificity of tilt table testing is difficult to establish. While
vasovagal syncope is essentially a lifelong condition with a lifetime
prevalence of 20 to 40% (Brignole et al., 2001) with a tendency to
begin before the age of 35 years (Serletis et al., 2006), the first
syncope can occur at any age. This raises two problems (Sheldon,
2005): firstly, how many ‘control subjects’ are in fact fainters
who have not fainted yet, but will do so later? Secondly, if a tilt
table test identifies people predisposed to fainting, then a popula-
tion of young control subjects will result in more abnormal tilt
tests than an older population. Moreover, pharmacological agents
generally increase sensitivity while reducing specificity (Sheldon,
2003; Shen et al., 1999). The reproducibility of the tilt table test
has been debated: long-term reproducibility, varying from 1 day
to 4 years, shows reproducible responses in 50–85% of subjects
(Parry and Kenny, 1999; Raviele et al., 1990; Fitzpatrick and
Sutton, 1989; Petkar and Fitzpatrick, 2008). The degree of
bradycardia and hypotension evoked during several tilt tests areand clinical neurophysiology. Clin Neurophysiol (2015), http://dx.doi.org/
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based on hemodynamic changes during a single tilt test has limited
predictive value (Brignole et al., 2001). In fact, it should be under-
stood that tilt table testing does not predict prognosis in syncope
(Sheldon et al., 1997).
In view of the above, tilt testing has been criticised both for its
diagnostic yield and for problems concerning what it tests. An
emerging view is that, in the context of reflex syncope, TTT does
not so much test for the presence of a disease as for a susceptibility
to reflex hypotension, which may be so widespread in the popula-
tion that it may well coincide with another condition causing
syncope (Sutton and Brignole, 2014). In the authors’ view, under-
standing these aspects of TTT has several consequences. Firstly, tilt
testing should never be merely summarised as normal or
abnormal, but the result must be stated according to the circula-
tory pattern found. Secondly, an abnormal result is clinically most
meaningful if there was recognition of the event as similar to spon-
taneous ones, by patients and preferably also by eyewitnesses.
Thirdly, the test lends itself well to teaching patients how to per-
form counter manoeuvres. Patients often report more confidence
in dealing with syncope after a tilt table test, which may partially
explain why the syncope rate drops after a tilt table test (Sheldon
et al., 1996). This may be due to ‘expectancy’, which, while part of
the placebo effect, is beneficial to patients (Sahota et al., 2014).
Overall, tilt table testing should be seen as an important addition
to history taking, and never as an isolated procedure.7. Safety and potential side effects
As tilt testing is designed to provoke syncope, its safety has
been a consideration since its introduction. Baron-Esquivias et al.
(2002) found that the long-term survival of patients with asystole
did not differ from those without it, which included the elderly.
Gieroba et al. (2004) performed tilt table testing in 1096 subjects
between 60 and 74 years of age and 873 people aged 75 or older
and found only one case of atrial fibrillation during tilt table test-
ing, and no neurological complications. One case was described
in which a patient with ischaemic heart disease developed ventric-
ular fibrillation with isoproterenol provocation in (Leman et al.,
1999). Hence, a tilt table test is safe and complications are very
rare. Still, some cautionary notes are in order: firstly, the low blood
pressure during syncope might harm those with ischaemic disor-
ders of the heart or brain, so risks and benefits should be weighed
in such patients. Secondly, an association between white matter
lesions and frequent syncope, defined as five or more syncopal
spells during life, has been described (Kruit et al., 2013). This asso-
ciation does not mean that frequent syncope causes brain damage,
but should nevertheless prompt caution in evoking syncope. The
authors feel that the advantages of a clear diagnosis, with possibly
fewer future syncopal spells as a result, outweigh the possible risk
of adding to white matter lesions by one syncopal spell during TTT.8. Conclusions
In summary, a tilt table test helps establish whether episodes of
transient loss of consciousness are due to syncope and, if so, yields
ictal patterns of blood pressure and heart rate that define the type
of syncope. Tilt testing provokes an event in a considerable number
of patients, which shortens the delay to a certain diagnosis. Neurol-
ogists and clinical neurophysiologists have a potentially important
role to play in this regard, but as yet few of them take an active
interest in syncope. This is unfortunate as the main strategy in
reflex syncope is extensive history taking, so in this way neurolo-
gists are well-suited to deal with reflex syncope. We feel that even
neurologists who wish to restrict their attention to epilepsy mustPlease cite this article in press as: Saal DP et al. Tilt table testing in neurology
10.1016/j.clinph.2015.07.037be thoroughly familiar with reflex syncope, if only to prevent mis-
diagnosis. It is well known that a misdiagnosis of epilepsy may
bring significant clinical, socioeconomic and psychological burden
to the patient (Rangel et al., 2014).
The basic skills needed to diagnose syncope are the same as for
epilepsy: patients are usually seen well after the event occurred,
making history taking and deductive reasoning especially impor-
tant. These qualities form the neurologist’s basic skills, often allow-
ing a diagnosiswithout additional testing.When tests are necessary,
the paths of epilepsy and syncope diverge, as they require different
approaches. A tilt table test measures physiological functions of the
nervous system, and may be regarded as analogous to the EEG.
While tilt table testing canbecomean important clinical neurophys-
iological tool for TLOC diagnosis, it should be seen as an important
addition to history taking and never as an isolated procedure.Conflict of interest
None of the authors have potential conflicts of interest to be
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